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SCREENING SYSTEM AND METHOD FOR
COLOR REPRODUCTION IN OFFSET PRINTING

BACKGROUND OF THE INVENTION

The present invention relates to screening systems in
general and, more particularly, to a second order Moire
free screening system and method.

Offset printing is a binary process: the press can print
INK or NO INK on a particular location of the paper.
Unlike in the photographic or other “contone™ repro-

duction processes, no controlled modulation of the ink

density is possible to obtain the various shades of tone
and color.

To simulate the effect of different densities, necessary
for the reproduction of pictures, patterns of dots are
used of which the SIZE is modulated. 0% dot size
corresponds with no ink, while 100% dot size corre-
sponds with a solid ink area. The process of simulating
densities by modulating dot sizes is calied “halftoning”.

The patterns of dots are defined by an angle (mea-
sured along the direction of the shortest line that con-
nects two dot centers, a screen ruling (defined by the
number of dot centers per measurement unit, measured
in the direction of the screen angle), and the shape of the
dots as they grow from 0% to 100% (usually controlled
by a “spot function™).

In conventional color printing, four inks are used:
cyan, magenta, yellow and black. Every printable color
is simulated by overprinting a particular combination of
dot percentages of these four inks.

The angles and rulings of the dot patterns of these
four inks are chosen with the following two consider-
ations in mind:

1) In order to reduce the sensitivity of the color re-
production to registration errors, the relative position of
the dots of the four inks has to be (pseudo) randomized.
2) It is known that geometrical patterns of dots interact
with each other, and can give raise to new patterns that
are referred to as “Moire”. The dot patterns in color
printing should be chosen not to give raise to disturbing
Moire patterns. .

In conventional technology, both of these two re-
quirements are achieved by using dot patterns for the
cyan, magenta and black inks that have exactly the same
ruling, and by using angles that are exactly 30 and 60
degrees offset with respect to each other. The yellow
ink is usually printed with a screen using the same ruling
as the others, and an angle that is 15 degrees offset with
respect to one of the other inks. A combination of an-
gles that works well is:
cyan: 75.0 degrees
black: 45.0 degrees
magenta: 15.0 degrees
yellow: 0.0 degrees

It can be shown that if exactly these angles are used,
the same relative position of the cyan, magenta and
black dots is never repeated, which meets the first re-
quirement, while the “Moire” is a “micro Moire” (often
referred to as the “rosette”), which, when screen rul-
ings are used of approximately 150 l/i, is small enough
not to be disturbing.

Digital Screening Systems

General

Several methods have been developed in the past to
generate halftone dot patterns on digital film recorders.
A typical digital film recorder consists of a scanning
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laser beam exposing a photosensitive material at high
resolution. Typically the “grid” that defines the resolu-
tion at which the laser beam can be modulated ON or
OFF has a pitch in the range of 1/2400 of an inch. The
digital screening algorithms have to turn ON or OFF
the “micro dots” on the recorder grid so that they form
clusters of microdots that make up the halftone dots, the
size of which corresponds to the desired local density
level.

Most digital screening algorithms make use of a thre-
sholding mechanism to convert the contone pixel values
into halftone micro dot on the recorder grid. The screen
function values are arranged as a landscape of “‘moun-
tains and valleys”. The mountains correspond to the
high screen function values, the valleys to the low
screen function values. The actual shape of this land-
scape is controlled by the *“spot function”. FIG. 1 dem-
onstrates this with a one dimensional model.

At the time of the screening, the screen function
values are compared: dot-by-dot and line-by-line on the
recorder grid with the pixel values of the image to be
halftoned. If the screen function value is higher than the
pixel value at that location on the recorder grid, the
laser beam will be modulated “on”, and will create a
black microdot on the film. Because of the arrangement
of the screen function values, SMALL clusters of half-
tone dots will occur on the film at light parts of the
image, while LARGE clusters of microdots will appear
at the dark parts of the original image. In this way, the
lightness information of the pixels in the original image
is transformed into halftone dots with a corresponding
size.

As was suggested before, the arrangement of the
screen function values controls exactly how the dots
grow from small to large for decreasing lightness levels
of the pixels. The arrangement also controls the relative
position (ruling and angle) of centers of the halftone
dots. It turns out that the distinction between most
halftoning algorithms can be made in the way that the
screen function values are obtained at the time of
screening. Some algorithms perform all the mathemati-
cal evaluations to obtain the proper screen function
value for every element of the recorder grid on the fly;
other algorithms do the calculations off line, store the
results in a matrix, and just call the prestored values in
the appropriate order at the time of the screening itself.

“Simple” Rational Tangent Screening

FIG. 2 explains how the most elementary form of
“rational tangent screening” works. The threshold val-
ues are precalculated off line for one dot and stored ina
square matrix. The size of the matrix determines the size
of the dots that it will generate. At the time of the
screening, the matrix elements are called in a certain
order and used to halftone the contone data. The opera-
tion is equivalent to the placement and replication of the
matrix elements under the screening angle on the re-
corder grid.

The frequency and angle of such a screen is given by
(see FIG. 2):
alfa=arctan(A/B);
freq=res/sqrt(A*A + B*B);

res: resolution.

Since every dot in this method is obtained from the
replication of one and the same matrix on the recorder
grid, it is a requirement for this method to work that the
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4 corners of the matrix be coincident with points of the
recorder grid. This explains why the method is called
“rational tangent”, because the arctangent of the angles
it produces is always equal to the ratio of the two inte-
ger numbers A and B. This has serious implications with
respect to the number of rulings and angles that can be
generated with this method, and the accuracy by which
the conventional angles and rulings can be approxi-
mated.

FIG. 3 demonstrates that, especially for small cells
(a), the angle of replication cannot be precisely con-
trolled. (The angular accuracy becomes better, when
the tile is larger. In the field of color printing, it has
proven to be difficult to achieve combinations of angles
and rulings for the cyan, magenta and black separations
that result in Moire free color reproduction. U.S. Pat.
Nos. 3,657,472, 4,084,183, 4,443,060 and 4,537,470 all
contain suggestions on how to reduce the problems that
occur in printing when combinations of these screens
are used.

In the “preferred embodiment” of U.S. Pat. No.
4,084,183 it is explained that, if small congruent parcels
for the four screens ar used, a repeating micro structure
is obtained, that, not unlike the conventional rosette,
will not be disturbing to the eye.

Rational Tangent Screening using a “Supercell”

An improvement of rational tangent screening is ob-
tained by making use of “supercells” that, instead of
containing only one dot, contain *“m" dots horizontally
and vertically. In that case, it is only required that the
four corner points of the SUPERCELL fall on the
recorder grid, rather than the four corner points of
every individual dot. Since the size of “supercell” is
larger than an individual dot, a higher precision can be
achieved in approximating the conventional angles. The
method is demonstrated in FIG. 4. It is to be noted that
the angles that are obtained are still “rational tangent
angles”, since their arctangent is still equal to the ratio
of two integer numbers A and B.

Frequencies and angles of the screen obtained with
this algorithm are given by:
alfa=arctan(A/B);
freq=m*res/sqrt(A*A +B*B);

res: resolution.
m: multiplicity.

“Irrational tangent” screening

In order to minimize Moire in color reproduction,
much effort has been spent in the past to develop
screening algorithms that are able to approximate the
conventional screening angles with very high precision.
These algorithms are generally referred to as “irrational
tangent screening algorithms”, since the goal of these
algorithms is to approximate the 15 and 75 degree an-
gles (which have an irrational tangent) with the highest
possible precision. Most of these algorithms produce
screen function values by sampling one period of the
spot function under a given angle and at a certain fre-
quency. This technique is shown in FIG. 5. The sam-
pling angle and frequency determine the angle and rul-
ing of the screen that will be obtained. It can be shown
that, if the tangent of sampling angle is truly an irratio-
nal number (i.e. cannot be expressed as the ratio of two
integer numbers), the same Xy position in the screen
function period will never be sampled twice.

—
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There are two classes of implementations possible for
these irrational tangent screening algorithms. In the first
implementation, the value of the sample in the screen
function period is evaluated on the fly. Since this mathe-
matical evaluation has to be done fast, special hardware
is usually necessary to achieve the required speed. The
method is also limited to spot functions that don’t re-
quire too much calculations. U.S. Pat. No. 4,419,690
describes a possible implementation.

Another approach comprises precalculating the
screen function values of one period, and storing them
in a two dimensional matrix, the size of which is typi-
cally 32X 32 or 64X 64 elements. Sampling the screen
function period can be done by picking the precalcu-
lated matrix element that lies closest to the xy position
of the sample point. However, in order to reduce arti-
facts that result from periodic rounding off effects in
addressing the matrix, noise is usually added to the xy
position coordinates of the samples, and special averag-
ing techniques have to be used. These techniques are
described in U.S. Pat. Nos. 4,449,489, 4,456,924,
4,700,235 and 4,918,622. These special averaging tech-
niques make the implementation of irrationa! tangent
screening algorithms relatively complex and expensive.

Moire analysis of existing screening systems

Having described these screening systems, their per-
formance in color printing will be described after a brief
introduction on a technique for analysing Moire in
color printing.

Principle of Moire analysis

The interaction between the frequencies and angles
of the rasters in color reproduction can best be studied
by means of vector diagrams in the “frequency do-
main”. Every dot raster can be represented by two
orthogonal vectors with their length corresponding to
the frequency of the screen, and their angle correspond-
ing to the angle of the raster. The effect of the “har-
monic frequencies” of the rasters is omitted.

The interactions between two or more rasters corre-
spond to all possible combinations of sum and differ-
ences of the original vectors.

It has been experimentally verified that in color print-
ing, the single most important source of Moire is associ-
ated with the second order Moire (*) resulting from the
superimposition of the cyan, magenta and black rasters.
The goal in color reproduction is to obtain a Moire
period from these rasters that is INFINITELY large.
FIG. 6 shows that this is indeed the case when conven-
tional screening is used. The sum of the 15 degree ma-
genta component and the 135 degree black component
coincides exactly with the 75 degree cyan component,
resulting in a zero frequency (and hence an infinite
period) for the Moire. Similarly, the sum of the 45 de-
gree black component and the 165 degree cyan compo-
nent coincides exactly with the 105 degree magenta
component. With formulas, the equations are:

C=M_5+K_35;

M_105=K_45+C_165;

FIG. 7 demonstrates what happens if one of the sepa-
rations, for example the black, is off register. As can be
seen, the sum of the 15 degree magenta and 135 degree
black does not coincide with the 75 degree cyan vector.
The “second order Moire™ does not have a zero fre-
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quency in this case, and a periodical pattern will be
created, the angle and period of which correspond to
the difference vector. It should be understood that as
used herein, the term “Second Order Moire” means the
Moire as a result of the interaction between an original
component (for example the “cyan”), and a component
that is already the result of an interaction between two
other original components (for example magenta and
black).

The vector diagram in FIG. 6 only shows the relation
between the lengths and angles of the frequency vec-
tors. In addition to these relations, there is also the
relative phase of the three rasters. The relative phase of
the three rasters will have an effect on the average
overlap between the halftone dots, and will determine
what kind of rosette is obtained. FIG. 8A shows a
Moire free combination of three rasters (15, 45 and 75
degrees) in a particular phase relation. FIG. 8B shows
the same set of rasters, but the 45 degree screen is half
a period shifted in phase. As can be seen, the “rosette”
structure is different in both cases. It is believed that the
rosette structure of FIG. 8A is the preferable one, be-
cause it looks less coarse to the eye when seen from a
distance, and because it preserves the gradation better in
the shadows. FIG. 9 shows a case of Moire. The rela-
tive phase between the sum of the 15 and 75 degree
rasters changes continuously, resulting in a shifting
rosette. The shortest distance of one complete cycle
from onekind of a rosette, to another kind and back to
the first kind corresponds to the Moire period, that
would be found from the corresponding vector dia-
gram.

In most practical cases, there is enough symmetry in
the generation of a set of screens that it is sufficient to
mathematically investigate only one of the two second
order Moires. FIG. 6 in that case can be replaced by the
simplified diagram in FIG. 10, which shows a triangle.
If the triangle is “closed”, there will be no second order
Moire, if it is open, the second order Moire can be cal-
culated from the sum of the three vectors. Mathemati-
cally this corresponds to:
M_x=F1*cos(alfal)+F2*cos(90.0-alfa2) — F3*cos(al-

fa3);
M_y=F1*sin(alfal) — F2*sin(90.0-alfa2) — F3*sin(al-

fa3);
M_period=1.0/sqrtM__x*M_x+M_y*M_y);

Moire Analysis for combinations of “rational tangent”
screens

As mentioned before, it is impossible to obtain combi-
nations of the rational tangent screens as they were
presented before that cancel out second order Moire
completely. The proof for the most common case,
namely a set of three screens that are defined by two
integer numbers “A” and “B” follows:

Given: A,B,res.

screenl: alfal =arctan(A/B); Fl=res/sqr-
t(A*A+B*B);
screenl: alfal=arctan(1.0); F2=res/sqrt((A —B)-

*A—-B)+(A-B)*(A-B));

screen3: alfa3=arctan(B/A); F3=FI;
An example of such a screen set is:
res=2400 dpi, A=4, B=15.
By applying the formulas:
alfal=14.9314 degrees; F1=154.5976
alfa2 =45.0000 degrees; F2=154.2778
alfa3 =75.0686 degrees; F3=154.5976
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The endpoints of the vectors that correspond to screenl

and screen3 are:

endpoint screenl: (x0,y0)=(F1*cos(alfal), Fl*sin(al-
fal))

endpoint screen3: (x1,y1)) =(F3*cos(alfal), F3*sin(al-
fa3))

or, because: F1=F3, cos(alfal)=sin(alfal), sin(alfa3)-
=cos(alfal):

endpoint screenl: (x0,y0)=(F1*cos(alfal), F1*sin(al-
fal))

endpoint screen3: (x1,y1)=(F1*sin(alfal), Fl*cos(al-
fal))

In order to have no Moire, the angle of the ideal fre-

quency vector F2' should be 45.0 degrees, and its length

should be the distance between the two endpoints of

screenl and screen3.

F2' = sgrt((x0 — x1)*(x0 — x1) + (0 — y1)*(0 — y1))
= Fl*sqr1(2.0 — 4*cos(alfal)*sin(alfal))
= Fl*sqr1i(2.0 — 4*4A*B/(A*4 + B*B))

= Fl*sqrt((2*4*4 + 2*B*B — 4*4*B)/(4*4 + B*B))

The real length of the frequency vector screen2 how-
ever is:

F2 = res/sqri(4 — BYY4 — B) + (4 — B)*(4 — B));
Fl*sqri(4*4 + B*B)/sgrt ((4 — BY*(4 ~ B) +
(4 — By*(4 — B)):

Fl*sqrt((4*4 + B*B)/(2*A*A + 2*B*B — 4*4*B))

In order to have no second order Moire, it is required
that F2=F2',

After working out this equation, the following condi-
tion is found
3*z*z¥z¥z-16%2%2%2 4+ 22%2*2-16%2+4=0
with: z=A/B;

This is a fourth degree polynomial in “A/B”. The
equation has two real roots:
z0=2.0—sqrt(3.0);
z1=2.0+sgrt(3.0);

Both are irrational numbers with arctangents 15.0 and
75.0 degrees, respectively. In other words, no two inte-
ger numbers A and B exist that can make the Moire
period infinitely large.

The Moire period in the above example can be calcu-
lated and is 1.56 inches. This will be disturbing in most
printing situations.

Moire Analysis of “Supercell” screening

By using multiple dot “supercells”, the angular accu-
racy of the screens can be made considerably better.
The Moire analysis of the “supercell” approach reveals
that, although longer Moire periods can be obtained, it
is also here, for the same reason as in the previous case,
impossible to obtain completely Moire free results. An
example is given:

Given:

res=2400; A=15; B=56; m=3;
sceenl: alfal=14.9951; F1=124.1933;
sceenl: alfa2 =45.0000; F2=124.1748;
sceen3: alfa3=75.0049; F3=F1l;

The Moire period in this case is 27.07 inches, considera-
bly better than in the previous case.
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Moire Analysis of “Irrational tangent screening”

The Moire analysis in the case of irrational tangent
screening is quite simple. If a set of three screens is used
that are exactly 30 degrees offset, and that have exactly
the same rulings, the frequency diagram will show that
the three vectors of the screens form an equilateral,
closing triangle, and thus that there will be no Moire.

OBJECTS OF THE INVENTION

It is accordingly a general object of the invention to
provide an improved screening system and method for
printed reproduction of images.

It is a specific object of the invention to provide a
screening system that eliminates second order Moire.

It is another object of the invention to provide a
screening system that can utilize screen angles that are
rational tangent angles.

It is still another object of the invention to provide a
screening system that can utilize screen angles that are
irrational tangent angles.

It is a further object of the invention to provide a
method for producing halftone screen function values
utilizing a rectangular “tile” having dots that are prean-
gled under a rational tangent angle.

BRIEF DESCRIPTION OF THE INVENTION

The screening system for printed reproduction of
images comprises three separation screens. The separa-
tion screens have different screen angles and each
screen has rulings. At least two of the screen rulings are
different and at least one vector sum of two frequency
components of one pair of screens is equal to at least one
of the frequency components of the other screen or of a
multiple or submultiple of the at least one frequency
component. Screen angles that are offset by thirty de-
grees or a multiple thereof and in which the vector
lengths of the frequency components are identical are
excluded.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will
best be understood from a detailed description of a
preferred embodiment thereof selected for purposes of
illustration and shown in the accompanying drawings,
in which:

FIG. 1 is a diagrammatic one dimensional model of
prior art electronic screening;

F1G. 2 is a diagram illustrating the principle of prior
art rational tangent screening;

FIG. 3is a diagram illustrating the achievable angular
accuracy with prior art small and large cell sizes;

FIG. 4 is a diagram illustrating the prior art rational
tangent screening with a “supercell”;

FIG. § is a diagram illustrating the principle of the
prior art irrational tangent screening process;

FIG. 6 is a vector diagram illustrating the interaction
of three rasters at 15, 45 and 75 degrees with identical
rulings to achieve no Moire;

FIG. 7 is another vector diagram illustrating the
production of Moire as a result of the interaction of
three rasters at 15, 50 and 75 degrees with non-identical
rulings;

FIG. 8(a) is an image created by the superposition of
three degradees from 0% to 90% rastered at 15, 45 and
75 degrees with identical rulings which produces a dot
centered rosette;
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FIG. 8(b) depicts the result of having offset the 45
degree raster over half a period which yields a clear
centered rosette;

FIG. 9 illustrates the Moire produced by the interac-
tion of three rasters with angles of 15, 45 and 75 degrees
with slightly different rulings;

FIG. 10 is a simplified vector diagram illustrating the
interaction of orthogonal screens;

FIG. 11 is a vector diagram illustrating the screening
system of the present invention that produces zero sec-
ond order Moire;

FIG. 12 is a diagram illustrating the geometry of a
cell with preangled dots in accordance with the present
invention; - :

FIG. 13 is a vector diagram for Moire analysis show-
ing that when the three vectors form a closed triangle,
second order Moire is eliminated;

FIG. 14 is a diagram showing a preangled tile, placed
and replicated under a rational tangent angle;

FIG. 15 illustrates the overlay of the “15”, “45” and
“75” degree screens of the present invention using the
same “‘tile” size; and,

FIG. 16 illustrates the use of the 15, 45 and 75 degree
screens having the same tile size to “lock” the screens
with respect to each other so that there is no accumula-
tion of relative position error with a concomittant con-
sistent rosette across the printed reproduction.

'DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Having analyzed that the absence of Moire in con-
ventional screening systems is explained by the fact that
in the frequency domain the sum of the frequency com-
ponents of one pair of screens exactly coincides with a
component of the third screen, “second order Moire”
also can be completely cancelled out in the case of non
conventional screening systems. FIG. 11 shows a case
where the rulings of the three screen sets are non-identi-
cal, yet, by an appropriate selection of the angles, it is
possible to obtain exactly the same conditions as in the
conventional technology to cancel out the second order
Moire. If the deviations in angle and ruling from the
conventional case are small (equal to or less than 1.0
degree and preferably equal to or less than 0.5 degree),
screening results can be obtained that are virtually indis-
tinguishable from the results obtained with conven-
tional screening, when it comes to Moire, rosette struc-
ture, printability and overall microscopic and macro-
scopic appearance.

It also is possible to cancel out second order Moire in
this way, if particular combinations of RATIONAL
TANGENT screens are used. This is significant, since
other methods that use rational tangent screens are not
completely free of second order Moire as was demon-
strated, while the methods that generate “irrational
tangent” screens are more complex and more expensive
in implementation.

FIG. 12 shows the geometry of a cell with multiple
preangled dots. The angle of the screen that such a tile
generates is determined by the ratio of the two integer
numbers A and B. The period of the screen is propor-
tional to the size of the tile. The following relations can
be immediately derived from the FIG. 12:
alfa: screen angle;

Period: screen period in inches;
TS: tilesize expressed in number of recorder dots.
res: recorder resolution expressed in dots/inch.
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alfa=arctan(A/B);
TS*(1/res)=Period*sqrt(A*A + B*B),
The following relations can also be derived from the
previous:
freq: line ruling of the screen;
shades: average number of recorder elements per dot;
dots: number of dots that the tile contains.

freq=res*sqrt{A*A + B*B)/TS;
shades=TS*TS/(A*A +B*B);
dots=A*A +B*B.

The tile in FIG. 12 can be seen as one screen period
that, if replicated horizontally and vertically creates a
contiguous screen. It is emphasized that the way of
creating a rational tangent screen here is fundamentally
different from the method described in FIG. 4: In FIG.
4, a cell with multiple dots, angled parallel to the cell
boundary, is replicated under a rational tangent angle,
while in FIG. 12, a cell with preangled dots is replicated
horizontally and vertically. There is a certain symmetry
when both techniques are compared.

It should also be clear that, if the parameters TS, A
and B are all multiplied or can be divided by the same
integer number, equivalent sets of tiles are obtained
which will produce the same angles and rulings.

Moire free combinations of tiles

It is possible to combine screens obtained from “tiles”
as above that produce results that are completely Moire
free, and that are indistinguishable from the traditional
screening systems. The conditions to obtain such
screening systems can be summarized as follows:

1) The tilesizes TS of all the three screens are the same.

2) The first screen is defined by two integer numbers A
and B, and has an angle alfal =arctan(A/B);

3) The second screen is defined by two integer numbers
C and D, and has an angle alfa2 =arctan(C/D),

4) The third screen is defined by two integer numbers
E=(B—D) and D=(C—A), and has an angle alfa3-
=arctan((B—D)/(C—A));

5) The difference between alfal and alfa 3 is 30 degrees
=+0.5 degrees.

6) The difference between alfa2 and alfa 3 is 30 degrees
+0.5 degrees.

7) The rulings of the three screens are the same within
+2.0%.

8) If two integer numbers X and Y that define the angle
of a tile have a common divisor, the parameters TS, X
and Y may be replaced by their original values di-
vided by the common divisor.

9) The integer numbers TS, X, Y that define any of
these screens can be multiplied by any integer num-
ber, since this results in an equivalent tile.

An example of such a screen system is:
res==2400 dpi;
screenl: TS1=627; A=11; B=133;
screen2: TS2=627, C=34; D=7,
screen3: TS3=627; E=26; F=23;

This screening system is equivalent to the following

screening system:

screenl: TS1=57; A=1; B=3;

screen2: TS2=627; C=34; D=7,

screen3: TS3=627; E=26; F=23;

If the formulas for screening angle and ruling are ap-

plied on these screening parameters, the following re-

sults are obtained:

screenl: alfal =18.4349 degrees; freql =133.1485 I/i.

screen2: alfa2=78.3554 degrees; freq2=132.8731 V/i.
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10
screen3: alfa3=48.5035 degrees; freq3=132.8731 V/i.
Using these values in the formulas to calculate the
Moire period, produces:
Moire__x=0.0;
Moire__y=0.0;
M__period =infinite.
This means that this combination of screens, although
different from the conventional case, and each of them
having a rational tangent, is completely Moire free.

Mathematical proof of the absence of “second order
Moire”

The proof that screen sets in general that meet the
requirements stated above are free from *“second order
Moire” follows.

Given a set of three screens obtained from the same
tilesize TS, and with rational tangent angles defined by
the following pairs of integers:
screenl: A,B;
screen2: E,F;
screen3: C,D;
with E=B-D; F=C—A;

The angles of the screens that these tiles generate are of
course:

screenl: alfal =arctan(A/B);

screen2: alfa2 =arctan(E/F);

screen3: alfa3 =arctan(C/D);

And the frequencies are:

screenl: freql =res*sqrt(A*A + B*B)/TS;

screen?: freq2=res*sqrt(E*E+ F*F)/TS;

screen3: freq3 =res*sqrt(C*C+D*D)/TS;

FIG. 13 shows the vector diagram that corresponds
to this screening system, with a rectangular frame
around it. The “unit of length” in the drawing is equal
to res/TS. Since B=E+D and C=F+ A, the triangle
of the three vectors closes, and the screening system is
indeed, despite the fact that it consists of rational tan-
gent screens, free from any *‘second order Moire”.

Calculation of the parameters specified in FIGS. 12
and 13 is performed by the following program:

#include <math.h>

#include <stdio.h>

#define IMAX 10000

/***CALCULATE OPTIMAL PARAMETERS***/
/*Parameters: angle “alfal” and frequency *freq™ of the first
screen of a Moire free set, and angular tolerance “'atol” to
approximate the angles. The program returns parameters
“TS,A,B,C,D,E and F" as specified in FIGS. 12 and 13.*/
calc__par(alfal,freq.atol,res, TS,A,B,C,D,E.F)

double alfal,atol,freq,res;

int *TS,*A,*B,*C,*D,*E*F;

{

int duml,dum2,n1,n2

double ftol,PLalfal,x;

P1=2.0*acos(0.0);

ftol=1.0-2.0*cos(P1/3.0+ atol);
ratio__approx(tan(alfal),atol,A,B):

alfal=alfal +P1/3.0;
ratio_approx(1.0/tan(alfa3),atol,D,C):
x=sqrt({(double) (*A)*(*A)+(*By*(*B))/((*C)*(*C)+
(*D)*(*D)))

ratio___approx(x,ftol.&n2,&nl);

*A=nl(*A);

*B=nl*(*B);

*C=n2**C);

*D=n2**D);

*E=(*B)-(*D);

*F=(*C)—(*A):

*TS=res*sqrt((double) (*E)*(*E)+ (*F)*(*F))/freq+0.5;

/***RATIO APPROXIMATION®***/
/*Parameters:"x™ and “tol”.Results:two numbers “i" and *'j", the
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-continued

ratio of which approximates “x™ with a tolerance “'tol".*/
ratio_approx(x.tol.i.j)

double x,t0l;

int*i,*j;

=1

for((‘i){:]:(‘i) <IMAX;(*1)+ +)

*j = (int) ((double) (*i)/x+0.5):
i}f(fabs((double) (*i)/(*j)—x) <télreturn;

{

/...MA]N"‘/
/*main program*/
main()

double alfal,atol,P1,freq.res:
int i,j,A.B,C,D,E.F.TS;
Pl = 2.0*acos(0.0);
res = 2400.0;
while(l)
{

printf(“Enter angle and frequency of screen:");
scanf(*%If %I &alfal,&freq):

printf(*'angular tolerance:™).

scanf(" %1f ", &atol )

alfal = PI*alfal/180.0;

atol = Pl*atol/180.0;
calc__par(alfal,freq.atol,res,&ts.&A.&B,&C.&D,&E & F).
printf(*TS: %d: ab: %d %d cd:

;Z;d %4 ef: %d %d0,15,A,B,C,D,E,F);

The actual production of the screens can be per-
formed using the teachings of U.S. Pat. No. 4,700,235,
the subject matter of which is incorporated herein by
reference.

It was explained previously that in the “supercell”
rational tangent screening method, the dots are oriented
parallel to the cell boundary, and that it is the cell itself
that is placed and replicated across the recorder grid
(see FIG. 4), while in the present “tile” method, the cell
contains preangled dots, and is placed and replicated
horizontally and vertically (see FI1G. 12).

There is no reason why both methods cannot be com-
bined. The geometry that is obtained in that case is
depicted in FIG. 14. The angle alfa and frequency freq
can be calculated as:

Given: A,B,C,D,res.

alfa = alfal — alfa2:

tan(alfa) tan(alfal — alfa2):

(tan(alfal) — tan(alfa2))/

(1.0 + tan(alfal)*1an(alfa2));
(4/B - C/D)/(1.0 + AC/BDy;

= (4D — BC)/(BD + AC),
thus: alfa = artan((4D — BC)/BD + AC)).

freq = res*sqrt{CC + DD)/TS; TS*TS = A*4 + B*B:
thus: freq = res*sqri((CC + DD)/(4A + BB)).

By having two degrees of freedom to control the angle
of the reproduced screen, it is possible to obtain many
more angles, or to achieve a much better approximation
in achieving a specified angle. This is demonstrated
with an example:

res=2400 dpi; A=160; B=280; C=5; D=19;

alfa=15.0013 degrees;

freq=146.2138 l/i.

Although this method has an advantage on its own, in
the sense that with relatively small tiles better angular
accuracy can be obtained than with the “super cell”

10

15

20

35

45

50

55

60

65

12

approach (because of the availability of two degrees of
freedom), it is primary useful to rotate a set of three tiles
that are already Moire free by themselves.

Indeed, a set of three rational tangent screens that are
matched to have no second order Moire, can be gener-
ated, as explained above, from the same tilesize. If they
have the same tilesize, all three can be rotated by the
same amounts with the method as explained in FIG. 14,
and therefore, they will keep the same relative angles
and their rulings will change by the same constant fac-
tor. The result is that, starting from the geometry of one
set of matched tiles, a whole family of screening combi-
nations can be generated in small angular increments.
This is demonstrated with the following example:
Given: res=2400dpi; C1=4; D1=15; C2=11; D2=11;

C3=15; D3=4;

set 1: A=0; B=280;

screenl: anglel =14.9314 degrees; freql =133.0644 V/i;
screen2: angle2 =45.0000 degrees; freq2=133.3401 V/i;
screen3: angle3=75.0686 degrees; freq3=133.0644 V/i;

set 2: A=1; B=280; (all angles increased by 0.2046
degrees)

screenl: anglel =15.1360 degrees; freql =133.0635;

screen: angle2=45.2046 degrees; freq2=133.3393;

screen3: angle3=75.2732 degrees; freq3=133.0635;

set 3: A=2; B=280; (all angles increased by 0.4092
degrees)

screenl: anglel =15.3407 degrees; freql =133.0610;

screen2: angle2 =45.4092 degrees; freq2=133.3367;

screen3: angle3=75.4778 degrees; freq3=133.0610;

and soon ... (up to +7.5 degrees or down to —7.5
degrees).

Each of the above screen sets is free from second order

Moire, since the original set (set 1) is free from Moire,

and since all three screens are rotated by exactly the

same angle, and since the rulings are all changed by the

same constant factor.

Because of the internal 30 degree symmetry of a

screen set, there is no need to rotate it by more than
+7.5 degrees. A 7.5 degree rotation would correspond
to a change of the rulings by a factor of:
c0s(7.5)=0.991 (less than 1% change).
The significance of this procedure is that by starting
from a Moire free set of rational tangent screens, a
complete range of rotated screen sets can be obtained in
small angular increments, and with nearly the same
rulings.

Referring now to FIG. 15, there is shown an overlay
of the 15, 45 and 75 degree screens having the same “tile
size”. It will be appreciated that the preangled dot ge-
ometry of one of the screens corresponds to that shown
in FIG. 12. Since the three screens use the same tile size,
they remain “locked” with respect to each other as
shown in FIG. 16. Under the “locked” condition, there
is no accumulation of relative position error and, there-
fore, the rosette remains consistent across the printed
page.

Having described in detail a preferred embodiment of
the invention, it will now be apparent to those skilled in
the art, that numerous modifications can be made
therein without departing from the scope of the inven-
tion as defined in the following claims:

What I claim is:
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1. A screening system for printed reproduction of
images comprising first, second and third separation
screens having different screen angles and each having
rulings with at least two of the screen rulings being
different and with at least one vector sum of two fre-
quency components of one pair of screens being equal
to at least one frequency component of the other screen
or to a multiple or submultiple of said at least one fre-
quency component of the other screen, but not includ-
ing screens having screen angles that are offset by thirty
degrees or a multiple thereof and in which vector
lengths of the frequency components are identical.

2. A screening system for printed reproduction of
images comprising first, second and third separation
screens having different screen angles and each having
rulings with at least two of the screen rulings being
different and with a multiple of at least one vector sum
of two frequency components of one pair of screens
being equal to a multiple of at least one frequency com-
ponent of the other screen, but not including screens
having screen angles that are offset by thirty degrees or
a multiple thereof and in which vector lengths of the
frequency components are identical.

3. A screening system for printed reproduction of
images comprising first, second and third separation
screens having different screen angles and each having
rulings with at least two of the screen rulings being
different and with a submultiple of at least one vector
sum of two frequency components of one pair of
screens being equal to a submultiple of at least one fre-
quency component of the other screen, but not includ-
ing screens having screen angles that are offset by thirty
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degrees or a multiple thereof and in which vector
lengths of the frequency components are identical.

4. The screening system of claims 1, 2 or 3 wherein
the screen angles between any pair of screens are be-
tween 29.0 and 31.0 or between 59.0 and 61.0 degrees
different.

5. The screening system of claims 1, 2 or 3 wherein
the first, second and third separation screens represent
colors magenta, cyan and black.

6. The screening system of claims 1, 2 or 3 wherein
the first, second and third separation screens represent a
same color.

7. The screening system of claims 1, 2 or 3 wherein
the first, second and third separation screens represent a
tri-tone.

8. The screening system of claims 1, 2 or 3 wherein
the screen angles of said first, second and third separa-
tion screens are rational tangent angles.

9. The screening system of claims 1, 2 or 3 wherein
the screen angle of at least one of said first, second and
third separation screens is an irrational tangent angle.

10. The screening system of claims 1, 2 or 3 wherein
two of the screen rulings are identical.

11. A method for producing half-tone screen function
values comprising the steps of:

A. generating a rectangular tile having dots that are

preangled under a rational tangent angle; and,

B. sampling said rectangular tile under a different

rational tangent angle to produce half-tone screen

function values. .
* * * * *



